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We simulate the measurement of the triscalar Higgs coupling at LHC(8,14) via pair production of
h(125 GeV). We find that the most promising hh final state is bb¯γγ. We account for deviations of
the triscalar coupling from its SM value and study the effects of this coupling on the hh cross-section
and distributions with cut-based and multivariate methods. Our fit to the hh production matrix
element at LHC(14) with 3 ab−1 yields a 40% uncertainty on this coupling in the SM and a range
of 25-80% uncertainties for non-SM values.
PACS numbers:
Introduction.— The long-awaited discovery of the mas-
sive particle (h) with Higgs-like characteristics at the
LHC [1, 2] heralds the beginning of a new era in particle
physics. The next experimental challenge is the measure-
ment of the h-couplings to distinguish whether it is the
Standard Model (SM) Higgs boson, or the lightest Higgs
of the Minimal Supersymetric Standard Model (MSSM)
or a general two Higgs doublet model (2HDM), or a state
with an admixture of doublet and singlet components, or
the lightest state of a more complex Higgs sector. The
answer to this question will have far-reaching implica-
tions about the existence and nature of any new physics
at the TeV energy scale.
In addition to the couplings of h to gauge bosons,
which are essential for the mass-generating mechanism,
and the generation-dependent Yukawa couplings of h to
fermions, which are integral to h-production and its de-
cays, the self-couplings of h are of paramount interest
since they directly connect to the underlying potential
that results in spontaneous symmetry breaking. In the
SM, a single self-coupling parameter λ completely spec-
ifies the potential, VSM = −µ2φ†φ + λ|φ†φ|2 and the
Higgs mass is mh =
√
λv, where v is the vacuum ex-
pectation value (vev) of the Higgs field, which is deter-
mined by the Fermi coupling to be 246 GeV. Based upon
the Higgs mass measurement, mh = 125.5± 0.6 GeV [3],
the self-coupling value for the SM is λ = 0.260 ± 0.003.
A precision measurement of the cubic coupling λhhh be-
tween three physical Higgs bosons is a priority of a linear
e+e−collider, but this is more than a decade away.
In a theory beyond the SM, there can be contributions
to the effective potential from dimension six Higgs oper-
ators that are induced by integrating out heavy degrees
of freedom, or from compositeness. The Higgs mass and
λ then are independent parameters, and the interactions
of the Higgs with the electroweak gauge bosons are mod-
ified from their SM values. An important goal is to mea-
sure all of the Higgs self-couplings: hhh, hhhh, hhWW
and hhZZ. The production of Higgs pairs at the LHC
provides an important avenue to probe the first of these
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FIG. 1: Feynman diagrams which contribute to Higgs boson
pair production via gluon fusion.
couplings, the triscalar coupling [4–13], which we pur-
sue in this letter. The gluon-gluon fusion subprocesses
of Fig. 1 are the dominant production diagrams [14–17].
The interference of the two amplitudes is sensitive to the
hhh coupling and thereby provides a way to measure it.
We find that complete destructive interference of the real
amplitudes occurs at λhhh ≈ 2.45λhhhSM .
Higgs pair-production cross section.— The leading or-
der (LO) matrix elements of the hh subprocesses in Fig. 1
are known [14–17], up to the involved couplings. We
generate signal events by incorporating the loop ampli-
tudes directly into MADGRAPH [18], and we include
the NLO K-factor =1.88 [19–22]. The competition be-
tween the two diagrams in Fig. 1 strongly impacts the
total cross section shown in Fig. 2 and the final state
kinematic distributions, especially when the real parts of
the two amplitudes cancel each other, as illustrated in
Fig. 3. To account for possible new physics effects, we
consider a broad range of λhhh values. It can be shown
that the high values of this range can be realized, for ex-
ample, in general two Higgs doublet models wherein the
additional doublet contributes to the triscalar coupling.
We calculate the gg → hh amplitudes for LHC cen-
ter of mass energies of 8 TeV (we assume the relatively
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FIG. 2: Production cross section for gg → hh at the LHC
with
√
s = 8 TeV and 14 TeV.
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FIG. 3: Amplitude zero in gg → hh fusion versus Mhh for
λhhh/λhhhSM = 2.45. The SM value is λ
hhh
SM = 192 GeV.
small data sample at 7 TeV is similar to the 8 TeV sam-
ple), for comparison with Run-1 data, and 14 TeV, for
the upcoming high luminosity run. The destructive in-
terference occurs between the real parts of the triangle
and box contributions. For 1.1 . λhhh . 2.45, the can-
cellation of the real amplitude is exact at some value of
Mhh. The zero of the amplitude occurs at Mhh near to
2mt; it is exactly at 2mt for λ
hhh ≈ 2.45λhhhSM as shown
in Fig. 3. Above the tt¯ threshold, the amplitudes develop
imaginary parts for which the cancellation does not oc-
cur. Nonetheless, a local minimum in the Mhh distribu-
tion persists up to λhhh ≈ 3.5λhhhSM , and results in a rather
low Mhh dominated distribution, causing a large change
in signal acceptance as we will see shortly. The differen-
tial cross section, which is presented in Fig. 4, shows the
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FIG. 4: The differential cross section versus Mhh for
λhhh/λhhhSM = 1,2,3.
persistence of the amplitude zero. A related suppression
is found to be present in the pT (h) distribution.
For the Higgs decays, we consider the γγ, ττ , and bb¯
modes, which are used in establishing the single higgs
production signal [1, 2]. Recently, there have been sev-
eral studies of Higgs pair production using the bb¯γγ, bb¯ττ
and bb¯WW final states [10, 11, 23]. We do not study
the h to W+W− decay as it contributes with low sig-
nificance in hh detection [10]. The signal of hh → bb¯γγ
is robust with manageable background, so it is our pri-
mary interest. The large backgrounds and combinatorics
of the hh → bb¯bb¯ final state render it unviable. We also
find the bb¯τhτh channel to be swamped by the reducible
background of bb¯jj where both light flavored jets fake
a hadronic τ . Although the jet to τh fake rate is only
1 − 3%, the total cross section of bb¯jj is at the µb level.
This insurmountable background was not considered in
previous studies. For this reason, we concentrate on the
analysis of the bb¯γγ channel and note that a more exten-
sive study for the viability τhτ` and τ`τ` is needed.
Cut-based analysis for hh → bb¯γγ.—We simulate the
pertinent backgrounds for the bb¯γγ channel. The irre-
ducible backgrounds include the production modes
pp → bb¯γγ, (1)
pp → Z + h→ bb¯+ γγ, (2)
while the reducible backgrounds include
pp → tt¯+ h → b`+ν b¯`−ν¯ + γγ (`± missed), (3)
pp → bb¯+ jj → bb¯+ γγ (j → γ). (4)
We adopt a photon tagging rate of 85% and a jet to
photon fake rate of j→γ = 1.2 × 10−4 [24]. The addi-
tional reducible backgrounds from jjγγ and cc¯γγ to be
subdominant and hence are not included in our analysis.
For b jet tagging efficiencies, we assume a b-tag rate of
370% for pT (b) > 30 GeV and |ηb| < 2.4, as found in mul-
tivariate tagging estimates for the LHC luminosity up-
grade [25]. We adopt the b-mistag rate found in Ref. [26].
With pile-up, the background rejection rate is expected
to worsen by up to 20% [25], which we take into account.
Finally, we model detector resolution by smearing the fi-
nal state energy according to δE/E = a/
√
E/GeV ⊕ b,
with a = 50%(10%) and b = 3%(0.7%) for jets (photons).
We adopt the cuts in Ref. [10] with:
pT (bb¯), pT (γγ) > 100 GeV, (5)
Mbb¯γγ > 350 GeV. (6)
Our signal and background acceptances in the SM cal-
culation agree with those of Ref. [10]. In Fig. 5 we show
the acceptance at different cut stages versus the λhhh
coupling. Note the prominent enhancement in the vicin-
ity of λhhh = 0−2 and the suppression at λhhh > 3 which
result from the pT (h) and Mhh characteristics previously
described. For λhhh values that yield a significant en-
hancement in the Higgs-pair cross section, λhhh can be
measured by the large event rate of the signal and the
steep dependence of the signal cross section on λhhh.
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FIG. 5: Signal acceptance for the bb¯γγ channel at various
cut levels. The reduced acceptance for large values of λhhh
correspond to a lower pT (h)
The level of statistical significance, S, is specified by
S = 2
(√
S +B −
√
B
)
, (7)
where S and B are the number of signal and background
events, respectively, which survive the cuts. This defini-
tion is less prone to downward fluctuations of the back-
ground [27, 28].
Multivariate analysis for hh → bb¯γγ.— Here we con-
sider an analysis based on the simultaneous multiple
variables that in essence allows us to blend cuts to-
gether rather than perform specific hard cuts on kine-
matic distributions. Such a multivariate discriminator
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FIG. 6: Expected significance of the MVA (thick curves) and
Cut-based analysis (thin curves) at LHC8 and LHC14.
can offer a sensitivity similar to that of the matrix-
element or neural network methods [29]. We form a dis-
criminant D based on the following set of observables:
O = {Mbb¯γγ ,Mbb¯,Mγγ , pT (bb¯), pT (γγ),∆Rbb¯,∆Rγγ}.
The bayesian inspired discriminator is defined to be D
=S(O)/(S(O)+B(O)), where S and B denote the signal
and background differential cross sections [30, 31]. The
discriminator is evaluated for a simulated event sample;
it will be close to 1 for signal events and close to 0 for
background events. A cut may be placed on D to select a
relatively high signal event sample. In practice, we apply
a simplified version of the discriminator in which we ig-
nore the correlations among the variables. This allows a
more efficient numerical estimation of the discriminator,
defined as
D =
N∏
i=1
δi
S(Oi)
S(Oi) +B(Oi) , (8)
where N is the number of observables that in the multi-
variate discriminator and δi = {0, 1} toggles the input of
observable Oi into the discriminant. Further optimiza-
tion of the MVA would include correlations between ob-
servables. We calculate the significance, S, by placing a
cut on the discriminator, Dcut > 0.9, and maximize S
over all possible toggle states δi. We chose a fixed cut
to be more conservative. However, one can increase the
singificance further by optimizing the discriminator cut;
by optimizing Dcut, up to a 50% additional improvement
may be possible, allowing S > 5σ over the entire range of
λhhh with 3 ab−1 of integrated luminosity at the LHC14.
In Fig. 6 we compare the MVA discovery reach with
that of the cut-based analysis, at both LHC8 and LHC14.
It is apparent that the MVA gives superior performance.
However, for large values of λhhh, the increased reach of
4MVA is incremental, due to the dominance of the sig-
nal rate over the SM background. This figure gives the
luminosity needed for a 5σ discovery or for 95% C.L. ex-
clusion at LHC(7,8) with the accumulated 50 fb−1 lumi-
nosity, under the reasonable assumption of similar reach
at 7 and 8 TeV.
The simulated coupling measurement is shown in
Fig. 7. We take the matrix element for the LO process
and, after unfolding the binned acceptance from simu-
lated events with all cuts up to Eqs. (5)-(6), fit the dif-
ferential distribution, dσ/dMhh. We conservatively as-
sume a 30% and 100% uncertainty in the signal and back-
ground cross section, respectively. For the SM, we infer
a coupling uncertainty of 40%, which compares well with
previous studies of δλhhh/λhhhSM ≈ 50% [32]. Otherwise,
we find the achievable coupling uncertainty ranges from
25% to 80%, with the latter value due to the reduced
cross section and acceptance in the region λhhh ∼ 2− 5.
LHC 14 TeVÙ L dt = 3 ab-1
<5Σ
<95% C.L.
<1Σ
Matrix Element Fit
0 2 4 6 8 10
0
2
4
6
8
10
Λinput
hhh ΛSMhhh
Λ
m
ea
su
re
d
hh
h
Λ SMhhh
FIG. 7: Simulated coupling fit at LHC14 with 3 ab−1 of in-
tegrated luminosity.
Conclusions.— In this letter, we have investigated
Higgs pair production at the LHC(8,14) as a probe of
the Higgs triscalar coupling, λhhh. Our principal findings
are as follows. (i) The bb¯γγ channel is the only promis-
ing channel; reducible backgrounds swamp the signals of
other channels such as bb¯ττ . (ii) The minimum in the
integrated cross section versus the triscalar coupling co-
incides with the minimum in the Mhh distribution at
2mt for a hhh coupling λ
hhh ≈ 2.45λhhhSM . (iii) The am-
plitude of gg → hh has a zero in the Mhh distribution
for 1.1 . λhhh/λhhhSM . 2.45. A minimum occurs in the
transverse momentum distribution pT (h) of each h in hh
production. (iv) Multivariate analysis gives a substan-
tially better reach on λhhh over the cut-based analysis.
(v) LHC data at 7-8 TeV should probe large deviations of
λhhh from the SM (λhhh/λhhhSM & 7.5 at 95% C.L.), while
the 14 TeV data probes λhhh to 25-80%. At LHC14 with
3 ab−1, λhhhSM can be determined within 40% uncertainty.
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